Introduction
Breast cancer is the most common malignancy, accounting for up to 23% of cancer cases; it accounts for 14% of cancer-related deaths. 1 In the United States, breast cancer accounts for about 30% of cancer cases; it is the second leading cause of cancer-related death among women.
help boost clinical management but also help politicians balance incidence and survival disparities among different races and socioeconomic statuses (SESs) groups.
Previous studies concerning patients' survival rates tended to analyze patients who resided in specific areas or patients who received surgical resection or other treatments or had various marital statuses by static analysis on survival. [3] [4] [5] However, the data on breast cancer incidence and survival over a long period, especially the dynamic changes in the roles of races and SES, are scant.
We aimed to demonstrate the incidence and survival trends during a long period and to clarify the role of race and SES on patient outcomes for breast cancer based on a large sample size. The current study, based on the period analysis, evaluated trends in the 10-year relative survival rates (RSRs) of breast cancer cases and clarified the role of age, race, and SES on RSRs through an analysis of the Surveillance, Epidemiology, and End Results (SEER) data.
Materials and methods
All data in the current study were extracted from the SEER database, which was developed and maintained by the National Cancer Institute (www.seer.cancer.gov). The SEER database is freely available to scientists and researchers. The ethnic approval is not required as this is a retrospective study and does not involve any intervention on the included cases. In the current study, only cases from the original nine registry sites were included, accounting for approximately 10% of the US population. Specifically, the nine sites are Connecticut, Iowa, New Mexico, Utah, and Hawaii and the metropolitan areas of Atlanta, Detroit, San Francisco -Oakland, and Seattle -Puget Sound. It distinguishes itself by being the only comprehensive source of US population-based information. 6 Female patients with breast cancer (ICD for Oncology, third edition site codes: C50.0-C50.9) were identified in the SEER registries. 7 We assessed the incidences of breast cancer and RSR for patients with breast cancer, after dividing patients into three groups according to their year of diagnosis (1981-1990, 1991-2000, and 2001-2010) . Cases were divided into groups by demographic characteristics, including SES, race, and age at diagnosis (0-19, 20-39, 40-54, 55-69, and 70+ years). The SES was defined as previously reported. [8] [9] [10] SES of the area was determined by the county poverty rate, which was defined as the percentage of people in the county living below the national poverty threshold in the 2000 US Census. 8 The county poverty rates were classified into three levels, using the same thresholds used in the National Cancer Institute monograph: <10% (low-poverty areas), 10%-19.99%
(medium-poverty areas), and ≥20% (high-poverty areas). While analyzing racial survival trends, we included only whites and blacks. As whites and blacks account for the majority of US population, there is heterogeneity in the others category, which account for approximately 11% of the general population in the United States. The RSR was calculated via SEER*stat software, and briefly, it is the number of cancer survivors at a specific time point divided by the number of patients in the cohort at the beginning, adjusted by age. The overall survival (OS) was defined as the interval from the time of diagnosis to the time of death. The current study utilized the period analyses methods that demonstrated the survival trend, and therefore, we selected two classic time points in oncologic study, 12 and 60 months. In addition, as breast cancer patients' survival is relatively long, 120-month RSR is also calculated. The incidence and survival rates of patients were calculated by race information provided in the SEER database, including White, Black, Others (American Indian/Alaska Native, Asian/Pacific Islander), and Unknown. This race classification system is the most commonly used in SEER-based publication, in line with North American Association of Central Cancer Registries (NAACCR) Race and Ethnicity Identifier Assessment Project, and the Hispanic are categorized as whites. The stage data were defined according to the adjusted American Joint Committee on Cancer (AJCC), sixth edition; stage 0-1 and stage 2-4 were defined as the early and mid-late stages, respectively. The percentages of early-and mid-late-stage breast cancer patients by age, race, SES, and year of diagnosis were calculated. Patients without known race (1,664 cases), county-level poverty rate (180 cases), or stage (132,556 cases) were excluded from the stratification analysis. Autopsy cases or cases reported by a death certificate (2,717 cases) were not included.
The current study was designed to clarify the incidence and survival trend over time. Incidence rates, age-adjusted incidence, and survival time were calculated as previously reported in SEER*Stat 8.3.4 software (available at seer. cancer.gov/seerstat) based on the Ederer II method.
11-14 The estimated OS difference was evaluated by Kaplan-Meier analyses and tested by a two-tailed log-rank test, with a twotailed P value <0.01 being considered statistically significant. Cox regression analyses were performed by the Stata 14.0 software (StataCorp LP, College Station, TX, USA). 
Results

Trends in breast cancer incidence over 3 decades
4901
Incidence and survival trend of breast cancer over the past three decades total incidence of breast cancer was 107.1 per 100,000 during the 1981-1990 period ( Figure 1A and Table S1 ). It increased to 117.5 per 100,000 during the 1991-2000 period and then decreased to 109.8 per 100,000 in the third decade. This trend can be seen in most age groups except for those aged 20-39 years ( Figure 1A ). The number of breast cancer cases continually increased over time (from 116,103 to 150,831 to 166,432, respectively) as a result of the increased general population (Figure 1B, Table S1 , and Figure S1A and B). According to the data from the US Census Bureau, the histological populations in 1980, 1990, 2000 Figure S1C .
Breast cancer incidence by SES and race
The low-poverty group had the highest incidence of breast cancer over the 3 decades, whereas the high-poverty group had the lowest incidence ( Figure 1C and Table S1 ). The incidence gap between the medium-and high-poverty groups was significantly larger than the gap between the low-and medium-poverty groups. In all SES subgroups, breast cancer incidences increased over the first 2 decades (from 111.0 to 121.5, from 103.6 to 113.9, and from 74.2 to 84.5 per 100,000 in the low-, medium-and high-poverty groups, respectively). In the last decade, the incidences of both the low-and medium-poverty groups decreased markedly (from 121.5 to 112.7 and from 113.9 to 106.7 per 100,000, respectively), unlike the stable incidence in the high-poverty group, or even went through a slight increase (from 84.5 to 85.1 per 100,000). In addition, the number of patients increased in all groups over time (from 66,755 to 88,162 to 102,444 in the low-poverty group, from 47,544 to 59,994 to 60,542 in the medium-poverty group, and from 1,776 to 2,635 to 3,364 in the high-poverty group; Figure 1D and Table S1 ). When the sample was divided by race, whites always showed the highest incidences over the past 3 decades (Figure1E and  Table S1 ). The breast cancer incidences per 100,000 for both blacks and whites increased during the first 2 decades Figure 1F and Table S1 ). However, the respective incidence changed from 96.3 to 107.5 to 104.9 due to the growing Black population size, from 12,460,444 to 15,523,049 to 18,370,402, over the 3 decades ( Figure S1B ).
Trends in relative survival estimates over 3 decades
The RSRs of breast cancer patients significantly improved over the 3 decades, and the 10-year RSR showed the most significant increase (from 70.8% to 81.5% to 85.6%; Table 1 and Figure 2A , C, E, G, and I). The 5-year survival rate in the second decade increased by 8.68% compared with that 
Breast cancer survival by race and SES
Both whites and blacks showed increased rates over time, with survival superiority in whites (Table 2 and Figure 3A and C). 
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Incidence and survival trend of breast cancer over the past three decades Figure 3E , G, and I). When the patients were stratified by SES, the highest and lowest survival rates were observed in the low-poverty and high-poverty groups, respectively (Table 3 and Figure 3B and D). The survival rates of both the low-and mediumpoverty groups increased over the 3 decades, as shown by the 5-year survival rates (from 81.9% to 88.9% to 91.8% and from 78.9% to 86.0% to 88.7%, respectively), whereas 
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Lu et al the increase in the first 2 decades was lower than that in the last 2 decades (3.3% vs 8.5% in the low-poverty group and 3.1% vs 9.0% in the medium-poverty group). An increase in 5-year RSR was observed in the high-poverty group (from 75.2% to 83.4%); however, the increment in the last decade was not significant (84.4%). Similar trends were also found for 10-year survival rates. Note that the 10-year survival rate in the third decade of the high-poverty group not only stopped increasing but decreased by 2.7% (from 77.1% to 75%). As a result, the greatest difference in the 10-year survival rates of the different SES groups was found in the last decade. The continuously increasing survival rates of all SES groups over time and the survival advantage in the lowpoverty group were further confirmed by the Kaplan-Meier survival analyses ( Figure 3F , H, and J). It is also notable that black and white patients showed different SES distributions. A larger proportion of whites was classified as low poverty than Blacks (64% vs 28%), and a larger proportion of Blacks was classified as medium-poverty individuals (72.3% vs 34.1%; Figure 4 and Table S2 ). The correlation coefficient between race and SES were 0.2158, 0.2209, and 0.2115 in the first, second, and third decades (P<0.001), respectively. 
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The survival analyses by race and SES can be seen in Figure  S2 , with similar trend demonstrated before.
Tumor stage at the time of diagnosis
Improved survival may be associated with an early-stage breast cancer at the time of diagnosis. Our analysis showed that an early-stage tumor was detected in older, white, and high SES groups ( 
Cox regression analysis of breast cancer patient survival
For Cox regression analysis, the current study mainly focused on four variables: age, race, stage, and SES. As shown in Table 5 , these four variables were all independent risk factors 
Discussion
The incidence trend for breast cancer went through a fluctuating change, with an increase in the second decade and a decrease in the third decade. The OS rates of breast cancer patients continuously improved over the past 3 decades, from 1981 through 2010; this improvement was more remarkable in the second decade and then slowed in the third decade. Our data showed that SES, age, and race were independent predictors for survival and, for the first time, indicated increasing HRs in patients of different races and SES groups over time.
The incidence trend of breast cancer in the United States during the 1981-2010 period went through an increasing and then a decreasing trend. It is noted that mammography screening was widely adopted in the United States beginning in the early 1990s after its initiation in the early 1980s. 15, 16 The significant increase in the percentage of early-stage 
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Lu et al cancer at the time of diagnosis in 1991-2000 further reflected the widespread use of screening. In fact, many studies have clearly shown the relationship between the application of mammography screening and the increasing incidence of breast cancer. [17] [18] [19] [20] [21] In addition, the increasing rates of obesity and hormone replacement therapy for menopause patients contributed to the increase in breast cancer incidence. 21 Therefore, these factors contributed to the substantial incidence increase in 1990-2000. The percentage of women who accepted mammography screening reached its peak in 1999 and then remained stable during the 2000-2013 period. 21, 22 The use of hormones was reduced in the 1990s. 23, 24 Together these facts can partially explain the incidence changes in 2000-2010.
Our data showed a higher incidence among whites than among blacks and an apparent survival advantage of whites over blacks; however, the incidence gap between the two races was remarkably reduced in the third decade because of a more significant decrease in incidence among whites than among blacks. The survival gap did not show such a significant reduction tendency although the survival of both races continued to improve over time. It is known that whites and blacks exhibit differences in genetics, lifestyle, and reproduction patterns. [25] [26] [27] [28] [29] [30] [31] As we discussed above, the reduction in hormone use after 2002 largely accounted for the sharp incidence decrease during the 2001-2010 period. 24 This reduction in hormone use was better for whites than for blacks. 31 Recently, the genetic evidence explaining incidence and survival disparity were explored, implying a biological difference between whites and blacks. [33] [34] [35] [36] Our data demonstrated that black breast cancer patients displayed more advanced tumors at the time of diagnosis. Furthermore, race-specific survival disparity can be partially attributed to the different SES distribution between them, specifically a bigger proportion of whites belong to low-poverty group. This race-specific SES distribution disparity may affect their 
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Incidence and survival trend of breast cancer over the past three decades access to health care resources and medication. Correlation analysis also confirmed the significant relationship between SES and race. In addition, other factors in addition to SES may also contribute to the late diagnosis in blacks, such as residential segregation, spatial access to mammography, residential pollution, and breast cancer awareness. 6, 37, 38 Therefore, more in-depth studies, as well as better health care policies, are still required to reveal the underlying truth to narrow the gap between whites and blacks.
SES has previously been proposed to explain the differential incidence and survival of breast cancer patients between races. Lower SES has often been considered to be associated with a lower educational level, less access to medical facilities as a result of worse medical insurance coverage, less possibility to be diagnosed at an early stage and to be treated in a timely and efficient manner, and worse survival. 2, 39 In our analysis, the incidence of breast cancer in the better SES group was higher than that in the low-SES group; incidence differences across SES groups was appreciably narrowed in the third decade because of a marked incidence reduction in both low-and medium-poverty groups and stable incidence in the high-poverty group. Improvements in survival were found in all SES groups during the second decade but slowed down in the third decade. A previous study found that black women with breast cancer in the military system lived longer than those in general black population in the SEER system and that the difference in survival between races diminished but was not eliminated, suggesting that less accessibility to 
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Lu et al medical facilities resulting from worse SES only partially contributed to worse survival. 40 Our data showed that a more advanced tumor was discovered at diagnosis in the low-SES group than in better SES groups.
Increases in OS can be attributed to early detection and/or improved treatments. [41] [42] [43] Our data demonstrated that younger, black, and higher poverty breast cancer patients always showed more aggressive tumors at diagnosis during the past 3 decades. More notably, nearly all groups had increased percentages of early-stage tumors at diagnosis over time, but this increase remained relatively stable in the third decade. The increasing proportion of early-stage patients may partially contribute to the survival increase over time. Here, we demonstrate both the development of early detection and clinical management.
Although previous studies addressed the incidence and survival trends of breast cancer, these studies mainly focused on a specific group of patients. Our data were based on a large representative sample from the SEER registries during the 1980-2010 period when breast cancer was subjected to a variety of new strategies for detection, diagnosis, prevention, and therapy that were initiated and widespread in this period. We not only analyzed the incidence and survival of breast cancer but also investigated the impact of age, race, and SES to provide a clear recent trend of breast cancer. More importantly, the long-term trend of breast cancer in our study was analyzed and presented by decade; thus, the overall trend in each period is clearer than that analyzed by year. Moreover, we demonstrated that race was more relevant to the survival of patients with breast cancer than other independent risk factors such as age and SES.
It is worthwhile to note that the present analysis has some limitations. First, although the nine SEER sites cover approximately 10% of the general population in the United States and therefore reflect the trend in the total population, there would be some minor aberrance when applying the data to certain geographic locations that are not included in the SEER registry. Next, when the tumor stage at the time of diagnosis was analyzed, we used the adjusted AJCC, sixth edition, cancer stage definition for breast cancer that was available in the SEER data from the year 1988; thus, there may be some divergence in the stage data before 1988. Finally, some sources of error and bias such as under registration or misclassification and geological variation in SES might have affected the study. 8, 9 In addition, previous studies demonstrated that estrogen receptor (ER), progesterone receptor (PR), and HER2 molecules are important biomarkers for breast cancer classification and provide vital information for endocrine therapy and targeted therapy. 44, 45 However, in this longitudinal study, HER expression data are not available in the SEER database, and the ER and PR information are only provided since 1990. Therefore, the current study fails to address the epidemiological trend by these molecules.
Conclusion
The current study demonstrated the fluctuating characteristics of incidence and the continuously modest survival improvement of breast cancer patients during the period of 3 decades. In addition, our data show the changing impact of race and SES on patients' survival. Elucidation of the incidence and survival of breast cancer patients over time will help predict coming trends and improve the quality of clinical trials, health care policies, and rules by balancing disparities. Looking ahead, studies that clarify the mechanisms and pathogenesis of breast cancer should pave the way for the design of novel agents that, together with better health care system, will yield improved survival. 
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